oval-shaped bacteria with a single polar flagellum and type I intracytoplasmic membranes. They were obligate methanotrophs that grew only on methane or methanol. Each strain possessed the particulate methane monooxygenase (pMMO). The ribulose monophosphate pathway was operative for carbon assimilation. The strains grew best at 37 6C, and did not grow at 45 6C. NaCl was required for growth within a concentration range of 1-8 % (w/v). The major phospholipid fatty acids were C 16 : 0 , C 16 : 1 v7c, and C 16 : 1 v5t. The major isoprenoid quinone was MQ-8. The DNA G+C content was 50.9-51.7 mol%. The 16S rRNA gene sequences of the strains showed 99.4 % similarity to each other, and DNA-DNA hybridization analysis indicated that the strains were representatives of the same species. The 16S rRNA gene sequences were highly similar to some marine environmental sequences (94.0-97.7 % similarity), but did not show similarities more than 94 % with sequences of members of other related genera, such as Methylomicrobium, Methylobacter, Methylomonas and Methylosarcina. Phylogenies based on 16S rRNA gene sequences and deduced partial PmoA sequences, and the physiological and chemotaxonomic characteristics revealed that strains T and T2-1 represent a novel species of a new genus in the family Methylococcaceae, for which the name Methylomarinum vadi gen. nov., sp. nov. is proposed. The type strain is IT-4 T (5JCM 13665
In marine environments, there are a variety of methane sources, such as seafloor cold seeps, hydrothermal vents, mud volcanoes, coastal organic-rich sediments etc. Besides methane production in those anaerobic sites, it has been known that methane production in aerobic ocean surface mixed layer is widespread, and the mechanisms and properties of aerobic methane production are now being elucidated (Damm et al., 2010; Karl et al., 2008) . Marine environments, therefore, are believed to be vast and suitable habitats for aerobic methanotrophs. Previous cultivation efforts have successfully enriched or isolated type I methanotrophs belonging to the class Gammaproteobacteria from marine environments (Holmes et al., 1995; Lees et al., 1991; Nanba et al., 1999; Sieburth et al., 1993; Smith et al., 1997) ; however, at the time of writing, only three type I species of marine origin, Methylobacter marinus (Lidstrom, 1988) , Methylomicrobium pelagicum (Sieburth et al., 1987) and Methylomicrobium japanense (Fuse et al., 1998; Kalyuzhnaya et al., 2008) with validly published names have been described. Methylomonas methanica MC09, of which the complete genome sequence was recently reported, was isolated from coastal seawater (Boden et al., 2011) , whereas Methylomonas methanica S1
was isolated from freshwater environments (Whittenbury et al., 1970) . So far physiological and chemotaxonomic properties of Methylomonas methanica MC09 have not been reported. The rest of the described or available strains including proteobacterial and verrucomicrobial species are of terrestrial origins, although Methylosphaera hansonii, isolated from an Antarctic meromictic lake, requires seawater for growth (Bowman et al., 1997) , and Methylohalobius crimeensis, isolated from a hypersaline lake in Ukraine, is a moderate halophile having the optimal NaCl concentration of 1.0-1.5 M (Heyer et al., 2005) .
In our previous study, several type I methanotrophic strains were isolated from a shallow submarine hydrothermal system in Okinawa, Japan, and one of the isolates was a mesophilic strain, designated IT-4 T , obtained from the microbial mat (Hirayama et al., 2007) . A mesophilic and methanotrophic strain T2-1 was also isolated from mud of the seabed within the Seto Inland Sea, Hiroshima, Japan. We found that the 16S rRNA gene sequences from the two isolates were quite similar to each other. Considering that there is a distance of 1370 km between the respective habitats and the distinct settings, this type of marine methanotroph may be a ubiquitous one in various marine habitats. The present paper compiles characteristics of strains T and T2-1 that were isolated independently, and proposes the isolates as a novel species in a new genus of the family Methylococcaceae.
Strain IT-4
T was isolated from a microbial mat sample collected at a shallow submarine hydrothermal system (depth,~23 m) off Taketomi Island, Okinawa, Japan. The mats were found near the vent. The temperature at the mats was approximately 30-40 u C, whereas that of the vent fluid was 52 u C. The detailed site description and the procedures for enrichment and isolation have previously been reported (Hirayama et al., 2007) . Enrichment was started by inoculating the mat sample into 3 ml MJmet medium prepared in a 15 ml tube with headspace gas of CH 4 , N 2 , CO 2 and O 2 (45 : 40 : 10 : 5, 200 kPa). The headspace gas composition was set in consideration of the chemical properties at the sampling site (Hirayama et al., 2007) . MJmet medium was prepared by adding 6 mM NaHCO 3 and 1 mM CuSO 4 to MJ medium (pH 7.0) consisting of (l 21 ): 30 g NaCl, 0.14 g K 2 HPO 4 , 0. (Balch et al., 1979) and 1 ml vitamin complex solution (Balch et al., 1979) . A vigorous growth of cells was found after incubation at 37 u C for 1 week. The enriched culture was purified by a serial dilution-to-extinction technique that was repeated at least four times, as described previously (Hirayama et al., 2011) , before the culture was identified as being pure. The purity of the culture was verified by successful direct sequencing of the partial 16S rRNA gene at least three times using independently grown cultures. Growth of the obtained isolate on multicarbon compounds was examined repeatedly, but was not observed, indicating that there were no heterotrophic contaminants in the culture. The obtained isolate was designated T . Colony formation was examined on plates of MJmet medium solidified with Noble Agar (BD Difco) at 15 g l
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.
Plates were incubated in a gastight chamber containing CH 4 , N 2 , CO 2 and O 2 (30 : 62 : 5 : 3, 100 kPa) at 37 u C. Colonies of strain T grown for 2 weeks were approximately 1 mm in diameter, round, convex and cream, with smooth surfaces. Strain T was maintained and examined afterwards in the liquid medium under the conditions as used in the enrichment step, unless otherwise noted.
Strain T2-1 was isolated from a marine mud sample collected from the seabed (several metres depth) off Kure city, Hiroshima, Japan. The enrichment and purification of the strain was performed as described previously (Fuse et al., 1998) at 45 uC with headspace gas of CH 4 , N 2 and O 2 (50 : 40 : 10, 100 kPa). The pure culture of strain T2-1 was obtained by repeated single colony formation on gellan gum plates at least six times. The isolate was cultivated afterwards at 37 u C in the same liquid medium used for the enrichment, unless otherwise noted.
Since strains T and T2-1 were isolated in separate laboratories, most of the examinations were conducted in the respective original laboratories. Some examinations were, however, conducted in the same laboratory to eliminate gaps in the results and to verify differences between the strains using cells grown under the same conditions.
The cell morphology of T was determined by phasecontrast microscopy with a BX51 microscope (Olympus) and by electron microscopy with a JEM-1210 electron microscope (JEOL) at 120 kV. Cells of strain T in exponential and early stationary phase were plump short rods or oval-shaped of 0.8-1.2 mm in width and 1.4-2.5 mm in length, and motile with a single polar flagellum ( Fig. 1a and b) . A bundle of type I intracytoplasmic membranes was observed in the ultrathin sections of the cells (Fig. 1c) . Most of the cells contained intracellular inclusions that were seen as low-electron-density granules ( Fig. 1b and c) . The intracellular inclusions probably comprised poly-b-hydroxybutyrate, which was confirmed by a staining method with the dye Nile red supplemented in culture medium (Spiekermann et al., 1999) (data not shown). No cyst-like cells were evident in the culture after 1-month storage. Cell morphology of strain T2-1 determined by electron microscopy with a JEM-2000EX (JOEL) at 100 kV was similar to that of strain IT-4 T ( Fig. 1d and e). Cells of strain T2-1 showed a few intracellular inclusion-like granules, the configurations of which were not clear (Fig. 1e) . The T2-1 cells cultivated in MJmet medium were subjected to Nile red staining, and some of the cells indicated the accumulation of poly-b-hydroxybutyrate-like granules (data not shown).
Both isolates grew aerobically but could not grow anaerobically on methane. Utilization of various energy and carbon sources other than methane was examined for strain T by adding one of the following substrates to MJmet medium: 0.05 % (w/v) formate, acetate, succinate, glucose, fructose, ribose, mannitol, methylamine, dimethylamine, ethanol or 2-propanol, or 0.1 % (w/v) yeast extract or Casamino acids. Growth on methanol was tested at concentrations of 0.05-0.5 % (v/v). Methane in the headspace of the tube was replaced with N 2 in these experiments. Strain T was found to grow only on methane and methanol as the energy and carbon source. Strain T grew on methanol at all concentrations tested and the highest cell density was achieved at 0.1 % methanol. None of the other substrates supported growth of strain T . Nitrogen sources for strain IT-4 T were examined by replacing NH 4 Cl and NaNO 3 in MJmet medium with one of the tested substrates (0.05 %, w/v). Strain T utilized NH 4 Cl, NaNO 3 , NaNO 2 , Tris, urea, formamide, Casamino acids, L-glutamic acid, and Laspartic acid as the sole nitrogen source. Strain IT-4
T did not grow with methylamine, dimethylamine, glycine, Ltryptophan, and L-lysine. No growth was observed with N 2 in the headspace gas in the absence of any other nitrogen compounds. PCR experiments using two pairs of previously described primers to amplify the nifH gene (Mehta et al., 2003; Zehr & McReynolds, 1989) , which encodes the nitrogenase iron protein involved in nitrogen fixation, also did not generate plausible amplification products from strain IT-4 T DNA. Methylosinus sporium DSM 17706 T was used as a positive control in the nifH amplification.
Strain T2-1 utilized only methane and methanol as the energy and carbon source, and could not utilize formic acid, formamide, methylamine, glucose, maltose, sucrose, L-glutamate, L-aspartate, DL-alanine, L-arginine, L-lysine or yeast extract (0.1 %, w/v). Various nitrogen sources (0.1 %, w/v) were also tested and strain T2-1 utilized (NH 4 ) 2 SO 4 , KNO 3 , NH 4 NO 3 , and yeast extract. Weak growth was observed with L-cysteine, formamide and L-asparagine. Strain T2-1 did not grow with NaNO 2 , methylamine,
No growth was also observed with N 2 in the headspace gas in the absence of any other nitrogen compounds.
Growth conditions for temperature, pH, NaCl concentration on methane were examined and are summarized in Table 1 . Strain T grew at 20-44 u C (optimum, 37-43 u C); no growth was observed at 15 u C and 45 u C. To examine the pH range for growth, the pH of MJmet medium was adjusted with HCl or NaOH after the tube was sealed with headspace gas. Growth of strain IT-4 T occurred at pH 4.5-7.0 (optimum, pH 6.2-6.6); no growth was observed at pH 4.0 and pH 7.3. Strain IT-4 T grew with 1-8 % (w/v) NaCl (optimum, 2-3 % NaCl); no growth was observed with 0 % and 9 % NaCl. Strain T grew better on methane than on methanol (0.1 %, v/v). When strain IT-4
T was grown on methane under the optimum conditions, the highest specific growth rate was 0.33 h
(doubling time 2.1 h) and the maximum cell yield was 1610 8 ml 21 (OD 660 50.2), whereas the corresponding values on methanol were 0.15 h 21 and 3610 7 ml 21 , respectively. As for the growth of strain T2-1, the temperature range was 20-44 u C (optimum, 37 u C); no growth was observed at 45 u C in spite of successful isolation of the strain at 45 u C. Strain T2-1 grew at pH 5.3-8.1, (optimum, pH 6.4-7.0) and with 2.5-8.0 % (w/v) NaCl (optimum, 2.5-3 % NaCl); no growth was observed at 1.3 % and 13 % NaCl.
The presence of soluble methane monooxygenase (sMMO) in the isolates was tested by enzyme activity assay. The naphthalene oxidation assay for liquid cultures (Csáki et al., 2003) was performed with whole cells of both isolates grown without a Cu 2+ supplement. The genes mmoX, mmoY, mmoZ, mmoB and mmoC, encoding sMMO, were examined for strain T by PCR amplification as described previously (McDonald et al., 1995; Miguez et al., 1997) . sMMO was not observed in the two isolates by any of these methods.
Methylococcus capsulatus ATCC 19069
T and Methylocella silvestris DSM 15510 T were used as positive control strains in the experiments for sMMO. Meanwhile, the presence of pMMO in the two isolates was confirmed by the identification of the corresponding genes in each of the isolates by PCR and sequencing experiments as described below.
To determine carbon fixation capabilities of strain T , a cell-free extract was prepared from a cell pellet (0.5-0.6 g, wet weight) harvested during the exponential growth phase. The cells were resuspended in 3 ml 0.1 M potassium phosphate buffer (pH 7.0) to assay for hexulose phosphate synthase and hydroxypyruvate reductase, or in 3 ml 0.1 M HEPES-NaOH (pH 8.3), 10 mM MgCl 2 buffer to assay for ribulose 1,5-bisphosphate carboxylase/oxygenase (Rubisco). The cell suspension was sonicated for four periods of 30 s (150 W, 20 kHz) with ice-cooling and centrifuged at 15 000 g for 10 min. The supernatant was used for the enzyme activity assays. For hexulose phosphate synthase in the ribulose monophosphate (RuMP) pathway, the colorimetric assay was carried out following the procedure of Bodrossy et al. (1997) with a minor modification as described previously (Hirayama et al., 2011) . Hydroxypyruvate reductase in the serine pathway was assayed as described by Large & Quayle (1963) and Rubisco in the Calvin-Benson cycle was assayed as described by Maeda et al. (2002) . Hexulose phosphate synthase activity was detected, indicating that strain IT-4 T assimilated carbon by the RuMP pathway. Neither activity of hydroxypyruvate reductase in the serine pathway nor activity of Rubisco in the Calvin-Benson cycle was detected. PCR amplification of the cbbL gene, encoding the large subunit of Rubisco, was also attempted using three pairs of primers as reported previously (Alfreider et al., 2003; Table 1 . Characteristics of physiologically and phylogenetically related genera of gammaproteobacterial methanotrophs Taxa: 1, strain T (data from this study); 2, strain T2-1 (this study); 3, Methylomonas (53 strains) Fang et al., 2000; Kalyuzhnaya et al., 1999; Koh et al., 1993) ; 4, Methylomicrobium (15 strains) (Bowman et al., , 1995 Kalyuzhnaya et al., 2008) ; 5, Methylobacter (14 strains) (Bowman et al., , 1995 Wartiainen et al., 2006) . +, Positive; +/2, strain dependent; 2, negative; ND, not determined. T were used as positive or negative control strains. Representative metabolic characteristics of the isolates, and those of physiologically and phylogenetically related gammaproteobacterial methanotrophs are summarized in Table 1. Characterization of isoprenoid quinones, whole-cell fatty acids and polar lipids was conducted by using cells grown to the late-exponential phase under optimal culture conditions in MJmet medium (pH 6.6, 37 u C). Isoprenoid quinones of the isolates were extracted with chloroform : -methanol (2 : 1) (v/v) from lyophilized cells (200 mg) and purified by thin-layer chromatography. The purified isoprenoid quinones were analysed by HPLC (Komagata & Suzuki, 1987) . Whole-cell fatty acid methyl esters of the isolates were prepared as described previously (Hirayama et al., 2005) . Fatty acid methyl esters were extracted with nhexane and analysed using a Finnigan TRACE DSQ GC-MS system (Thermo Fisher Scientific) equipped with a DB-5 column (Agilent J&W) under a helium flow of 1.5 ml min 21 and an oven temperature program increasing from 140 uC (5 min) to 280 uC (5 min) at 4 uC min
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. To determine double-bond positions of unsaturated fatty acids, analyses of dimethyl disulfide derivatives were performed by the identification service of Toray Research Center (Tokyo, Japan) as described by Christie, (1997) . Polar lipids of strain T were extracted and identified by two-dimensional thin-layer chromatography with appropriate detection reagents, molybdenum blue (phospholipids), ninhydrin (aminolipids), Dragendorff reagent (choline-containing lipids), p-anisaldehyde (glycolipids), periodic acid-Schiff reagent (lipids with adjacent hydroxyl groups), and iodine vapour (all lipids) (Komagata & Suzuki, 1987; Minnikin et al., 1984) . Polar lipids of Methylococcus capsulatus ATCC 19069 T were analysed simultaneously for reference.
The major isoprenoid quinone of the isolates was 18-methyleneubiquinone 8 (MQ-8) (Table 1) . MQ-8 is found as the major quinone in species of the genus Methylomonas among the phylogenetically related genera, and is also found in species of the distantly related type I genera, Methylococcus and Methylocaldum (Collins & Green, 1985) .
Fatty acid profiles of strain IT-4
T and T2-1 were similar to each other (Table 2 ). The C 16 : 1 fatty acids dominated more than 60 % of total fatty acids of the isolates. Among the C 16 : 1 species, C 16 : 1 v7c and C 16 : 1 v5t were abundant. The overall fatty acid profiles of the isolates were similar to those of species of the genus Methylobacter, although C 16 : 0 in the isolates was abundant (22-32 %) as compared with members of the genus Methylobacter . Higher ratios of C 16 : 0 (.30 %) are rather observed in the distantly related type I genera such as Methylococcus, Methylocaldum, Methylothermus and Methylovulum Eshinimaev et al., 2004; Hirayama et al., 2011; Iguchi et al., 2011; Tsubota et al., 2005) In the polar lipid profile of strain IT-4 T , phosphatidylethanolamine was the predominant component, and phosphatidylglycerol was also detected (Fig. S1 available in IJSEM online). Other polar lipids including diphosphatidylglycerol, an unknown phospholipid, unknown aminophospholipids, unknown aminolipids and unknown lipids were detected as minor components. The unknown lipids L1 and L2 gave a yellowish brown colour with panisaldehyde when other lipids gave a negative bluish colour. However, a yellowish brown is also not a typical positive colour for glycolipids, therefore these lipids could not be characterized in this experiment. The absence of phosphatidylmethylethanolamine (PME) in the profile of strain T differentiated the strain from species of the related genus Methylomonas, of which strains are reported to contain 8-25 % PME in total phospholipids (Fang et al., 2000; Kalyuzhnaya et al., 1999) .
The G+C content of the genomic DNA was determined as described previously (Tamaoka & Komagata, 1984) . The DNA G+C content of strain T was 50.9-51.0 mol%, while that of strain T2-1 was 51.4-51.7 mol% ( Table 1) .
The 16S rRNA gene sequences from strains T and T2-1 were amplified and directly sequenced as described by Hirayama et al. (2011) and by Fuse et al. (1998) , respectively. Sequence similarity was analysed using GENETYX-MAC version 16.0.0 software program. The sequences were aligned using ARB software (Ludwig et al., 2004) and corrected manually where necessary. Neighbour-joining and maximum-likelihood phylogenetic trees based on the 16S rRNA gene sequences were constructed using BIONJ (Gascuel, 1997) based on evolutionary distances estimated using Kimura's correction, and PhyML v.3.0.1 (Guindon & Gascuel, 2003) with the GTR substitution model and starting tree of BIONJ; both programs were part of the SeaView software package v.4.2.12 (Gouy et al., 2010) .
The sequences of strains T and T2-1 displayed 99.4 % similarity over the length of the 16S rRNA gene sequence (1455 bp). A homology search using BLAST (http://blast. ddbj.nig.ac.jp/top-j.html) revealed that the closest relatives of the isolates were clone sequences retrieved from various marine environments: clone STU14 (GenBank/EMBL/ DDBJ accession number EU700156) from the marine sediment in Shantou Bay, China (97.7 % sequence similarity);clone Mn3b-B37 (FJ264570) from the methane seep in Eel River Basin, California (94.7-94.8 %) (Beal et al., 2009) ; clone pItb-vmat-50 (AB294953) from the same shallow submarine hydrothermal site as strain T (94.0-94.2 %) (Hirayama et al., 2007) . The sequences from the isolates are moderately related to those of the described gammaproteobacterial methanotrophs, Methylomicrobium kenyense AMO1 T (94.0 %), Methylomicrobium japanense NI T (93.8 %), the other species of the genus Methylomicrobium (93.3-90.9 %), species of the genera Methylobacter (93.6-90.5 %), Methylomonas (93.0-91.2 %), and Methylosarcina (92.9-92.1 %), and a methanotrophic symbiont of the deep-sea mussel, Bathymodiolus japonicus (92.1-92.4 %). The maximum-likelihood tree including the closest marine clones indicated a firm cluster composed of the isolates and the marine clones, forming a distinct phylogenetic lineage (Fig. S2) . On the maximum-likelihood and neighbour-joining trees of the sequences from the reported methanotrophs, the respective branches representing members of the genera Methylobacter, Methylomicrobium, Methylosarcina and Methylomonas, and the mussel symbiont showed a moderate relationship to each other ( Fig. 2a and b) . The tree topology for those branches, except for members of the genus Methylomonas, was variable and assigned with low bootstrap values (12-40 %); however, strains IT-4 T and T2-1 always appeared as an isolated branch among the related genera, forming a distinct lineage in the family Methylococcaceae.
The full sequence of the pmoA gene encoding pMMO was obtained from strain T by PCR amplification as described previously (Hirayama et al., 2011) . The complete sequence of the genes encoding pMMO from strain T2-1 was obtained as described previously (Nakamura et al., 2007) . The sequences were subjected to similarity analysis as described above for 16S rRNA gene sequence analysis. The partial sequences of the deduced PmoA from various methanotrophs were aligned using GENETYX-MAC and phylogenetic tree construction was processed by maximum-likelihood algorithm using the Dayhoff probability model of amino acid change as described above for the tree of 16S rRNA gene sequences.
The pmoA sequences of strains T and T2-1 were highly similar, showing 97.9 % similarity in 750 bp nucleotide sequence and 99.2 % similarity in deduced 249 aa amino acid sequence. The deduced PmoA sequences of the isolates showed high similarities (.90 %) with partial sequences from the following species of the genera Methylomonas and Methylovulum: Methylomonas methanica S1
T (92.1 % for 165 amino acids, GenBank accession number U31653); Methylomonas sp. LW13 (91.7 % for 169 amino acids, AF150793); Methylomonas sp. LC 1 (91.1 % for 168 amino acids, DQ119046); Methylovulum miyakonense HT12 T (91.7 % for 169 amino acids, AB501285). In the phylogenetic tree, the PmoA sequences from strains IT-4 T and T2-1 clustered with the branch containing members of the genera Methylomonas, however, each lineage is clearly separated within the cluster (Fig. 3) .
Since genomic relatedness between strains IT-4 T and T2-1 was high, species-level identification was examined by DNA-DNA hybridization (45 u C, 45 min) as described previously (Ezaki et al., 1989) . The DNA-DNA relatedness values were 71-100 %, indicating that both strains are isolates of the same species.
The overall properties of strains T and T2-1 were quite similar to each other, which is consistent with the result of DNA-DNA hybridization and the classification of the strains as members of a single species. The two strains were independently isolated from different sites with different settings that were 1370 km apart. Considering these situations, this novel species may be a ubiquitous one in marine environments. The isolates were characterized by a NaCl requirement and a preference for it at sea-salt concentrations for growth. The isolates and the varied marine clones clustered distinctively on the phylogenetic trees of the 16S rRNA gene sequences, indicating that the branch might represent a novel lineage indigenous to marine and high-salinity environments. The 16S rRNA gene phylogeny did not show any close and steady relationship between the isolates and other genera within the Methylococcaceae (Fig. 2a and b) . The PmoA phylogeny and the major isoprenoid quinone analysis indicated that the genus Methylomonas might be the most closely related genus to the isolates, however the fatty acid profiles, the phospholipid profiles, and the cyst formation ability distinguished the isolates from members of the genus Methylomonas (Tables 1 and 2, Fig. 3 ). The 6-9 % differences in the 16S rRNA gene sequences between the isolates and the most closely related genera, the distinct phylogenies based on 16S rRNA gene and deduced PmoA sequences, and the physiological and chemotaxonomic characteristics supported the proposal of a novel species in new genus for strains T and T2-1, with the name Methylomarinum vadi gen. nov., sp. nov.
Description of Methylomarinum gen. nov. [Me.thy.lo.ma.ri9num . N.L. n. methylum (from French méthyle) the methyl group; N.L. pref. Description of Methylomarinum vadi sp. nov.
Methylomarinum
Methylomarinum vadi (va9di. L. neut. gen. n. vadi of a shallow place in the sea).
Characteristics are the same as described for the genus with the following additions. Cell size is 0.8-1.2 mm in width and 1.4-2.5 mm in length. Utilizes ammonium, nitrate and formamide as the sole nitrogen source. Utilization of NaNO 2 , Tris, urea, Casamino acids, L-glutamic acid, Laspartic acid, L-asparagine, L-cysteine, and yeast extract as the sole nitrogen source depends on the strain. Major fatty acids are C 16 : 0 , C 16 : 1 v7c, and C 16 : 1 v5t. Major polar lipids are PE and PG. The DNA G+C content is 50.9-51.7 mol%.
The type strain is IT-4 T (5JCM 13665 T 5DSM 18976 T ), which was isolated from a shallow submarine hydrothermal system off Taketomi Island, Okinawa, Japan. The DNA G+C content of the type strain is 50.9-51.0 mol%. The species also includes strain T2-1, which was isolated from a marine mud sample collected from the seabed off Kure city, Hiroshima, Japan.
Genes involved in the copper-dependent regulation of soluble methane monooxygenase of Methylococcus capsulatus (Bath): cloning, sequencing and mutational analysis. Microbiology 149, 1785-1795.
Damm, E., Helmke, E., Thoms, S., Schauer, U., Nö thig, E., Bakker, K. Methylomonas methanica S1 T (U31653) Fig. 3 . Phylogenetic tree based on deduced partial PmoA sequences (157 amino acid residues) of strains T and T2-1 and other methanotrophs. Bootstrap analysis was performed (100 replicates), and bootstrap confidence values .50 % are shown at nodes. The PmoA sequence of Methylosinus sporium NCIMB 11126
T was used as an outgroup.
GenBank accession numbers are given in parentheses. Bar, 0.1 substitutions per position.
